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ik^ 6 *} ^ "0:%^} ^Sl^S. (In, AOGaN^ 9? (In, Al)GaN# $H *ll 
1 ^r^* S^fe ^]^; #7l ^1 1 AlTfl #^5L ol^^l^. 2 

1^5}^ >a-7] ^i 2 $h *(i 3 ^-^-a- ^^Hb ^71 »1 3 

% (In, ADGaN^ ^ n^ (In, Al)GaN#3 W ^ jl^JE. (In, Al)GaN^ ^ 31 

(In, ADGaN^S. ^^S|JL, <$7] JL^-S. p^ (In, ADGaN^ 3H1^ *ll 1 ^-Ga 
^fffoj ^"71 JIL^JE (In, AOGaNf^ 1 ^-Ga-N ^^o) 

S\JL, ^7] 1 ^-Ga 3^1:^ ^ *ll 1 ^-Ga-N 1 ^3 

31, #71 1 SH^ *fl 3 ^-Al 3^#f^l ^^£)3l, ^7} *)] 3 ^"#-Al 

£. 7 
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it^^x} ^ ^ ^l^tjHKLED and fabrication method thereof} 
5. l^r f^Hfl 

£ 3£r ^2fl n ^ ^1* M-^-VE 

51 4^ £ ^<>fl ^^r^l p t§ ^^-^ ^ t^VA 

101, 201... p^ GaNf^ 102, 202, 501... p^g 

103, 203... p^ 301... n^ GaNf^ 

302... n% 401... p-(In, Al)GaN#- 

402... p + -(In, Al)GaN# 403... A 1 ^-Ga 

404, 604, 702... A] 1 405, 605... 3 ^-Al 

406, 606, 705... ^S.^ ^ HM* 

601... n-(In, ADGaN^ 602... n + -(In, ADGaN^ 
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603... A 1 ^f-Ga-N 3^W^ 

701... p-Un, ADGaNfs n-(In, AOGaN^ 

703. *ll 2 704. . . *ll 3 

Vdk^Q -SMI St ^1 

19> ^ **±*HI 2°-^, **| #713/^/^3 <L5L <S^*H, £ 

4£ tfj-jE^ ^-^.S. ^3^r 5* *HI ^ W - 51 

M , GaN^l #H*I| W 44^ 7l* HL-r SiC 7l* Mr 

tt. ZLZ)JL, *\±si\ *2E4H *>4°H 7 m SiC 71* GaN^l^ W« 

^(buffer layers WW*. *1* jl^H # 7 1 ^ 414 3E«*I GaN*. 
*3*(Si)<>l GaN^ St ^ t 1 ** *tf*l*l GaN#-§: 

4. ol^, #71 n*§ GaN# <W tfWCtf^W 1 * n 4H GaN 

<22> Ol^ tf£ l&JESfl **-fc*M|te ^3lf ^ **H P^ * ^ * 
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1 058210 

> &x\,5L 1* *3*H ***** ***** 3l 

71S. £ 1* *^*}<q P^§ W* ^ V *+*^ Health 

4> £ 14 SAl* P^ GaN*(101) *H P^§ «^^*(102)ol 4 

fl*. o]<% ^ 3^2* S^tf -close' 3^3^ 

ol4 ^ 'close' S+. ^1 P^ ^^^C102)^ ^3. Ni/Auf^S- tg 

**5L m. =L*\*. W P^ **^(103>* Al^ Cr# *W Au» 7}^S. ^ 2 7>*1 
41* Au, Ti, Ni. In, Pt» Ste 2** <=>1^ W 1 * 

SL^i Au, Ni/Au, Ti/Au, Pt/Au M f^3- 

26> a*. £ 2^11 4^ ^ *sfl p^ ^ € ^ £ ^ 

£ 2 ofl p* -d^, P^§ GaN^(201) *H p^§ *S*R*(202)ol * 

fl-M, p* M^^*(202) fl4 P*§ ^^(203)^1 ^ 3<H 

$14. *7l M*Sf*(202)4fe #7} p^g «W(203)*1 ^ ^ S5L * 

6] 014. o]^ rfrfr ^ 3^2* S^tf 'open' #^2:^ ^M. 

o]S* tf* 'open' dWE^ 3* , « ^1^1 4«H C r SEfe AlMr i 

^ ^ ^> xm^m sa- 2 -^- ^" 7l ' close ' ^ S5L 

<29> £ 3^8: *«B n« *d^3 « 4* ^Vft 

<30> 3E 3«fl 51 Al£ ^#4:*Kr n*§ GaN(301)#- $H n^ 3^§K302) *} 1MJ€ ^23. 3<H 

SH4. ^71 n^ *d^H302)3 Ti, Al. Au» ^ ^ *)W A^r 
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#33 <g^>: 2003/11/22 

^^^^[1058210 

fiS M€ ^-o] ^,1^3. fli*. oflSLAi, Ti/Al , Ti/Al/Pt/Au, Ti/Al/Ni/Au ^7} 

^ ri, W *oi io-3 fficm 2 oitfoa ^ ^a. ^1** ^> ** *H 
a ^> "W* 333*1 ^31^31 

ol^t 'open' -d^S * 'close' WWI ^* **** 

sl^MH oh **** ^ 

4«o] ft*** ***3L Sflfe **<>14. WW* WW lO^W 

ol^o S «^^H *| Ti 31^ ^ ^ 

<34> £ £713/^/^3 OJL «M3<>H. p tg n ^ **H 

# 7 ]^ **|* iH^l * <NM «W P^ (In, Al)GaN^4; #7l 

p*i (In, Al)GaN# *W uI*5L (In, ADGaN^; #7] P^ (In, AOGaN* 



<35> 
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3*; *7l A 1 *H * 3 *HW*; * XI 3 #*-Al **** 

6> #713 * ■** t*# cflfe, p^§ (In, 

ADGaN^; *7l (In, ADGrit* fli W« P* (In, Al)GaN^4; uL^H p 

* (In, ADGaN* $H1 %W P^ *7l p^ WW* *H * 1 

-Ga W^: 4 1 ^^-Ga *HH» *M * 1 ^ ^ 1 

^^443 ^Nr-Al * *7l Xl 3 ^*-Al 

37> #7^ 4|*H * *TM a *W n ^ 

(In, Al)GaN*4; W ^ (In, Al)GaN# *W 31*51 n*§ (In. ADGaN**; #7l 31 

*£ P ^ (In, ADGaN* * 1 T=Mr-Ga-N *rtH***; *"1 Xl 1 ^-Ga-N W 

* *H ^€ * i Xl 1 *fl 3 #*-ai * 

71 Xl 3 ^-Al 4HI 3^ * £ ^> fe 4 6,1 11 

<38> HL*. ^7^ ^HJ*}7l * KMM ^ (In ' 

ADGaN* 3 n*§ (In, AOGaN* * 1 W** * 71 ^ 1 ^ 

AlTfl °l^<H*lfe Xl 2 W** S^fc #X1^; X| 2 *H XI 3 

% % ^ } ^ #7) Xl 3 $H HMM: - * 

tfltft ^*H, -*7l p^ (In, ADGaN* * n^ (In, Al)GaM*4 

^ p^ (In, AOGaN* % ^ (In, ADGaN^^S ^*|^. W ^ 

(In, ADGaN* XI 1 ^-Ga ^ £ n ^ (In ' Al)GaN# 
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^ 2003/11/22 
)058210 ^ 

^ A 1 W-GarN Ml*. W * 1 **** * * 1 -^ a " N * 

^cflfe ^ i =t^o) %^JL, W A 1 i^r# fl<*fc A 3 iNMU *IW*<>1 * 

p* (In, Al)GaN* * n* (In, ADGaN* *H * 1 **** ^ * 1 * 

4* ^ (Ni-Ao^i »«& "Wit -ii 2 4 2 

6fl ^ 3 ***** * 3 9** *H HM** **** * 

4; « ^^#^1 tfl* W (In, ADGaN* « (In, Al)GaN* 

si W ^ 51^51 (In, Al)GaN# « (In, Al)GaN^L5L M*3L. 

*7] 51*51 p* (In, AlfeMfr fl<1* 4 1 *W*<>1 *7l ^£ nil 

(In, ADGdV* fl<*te A 1 ^"Ga-N *WM W A 1 W3a *W* * 

^ ! ^f~Ga-N fl<*t 1 3^*. *« 1 fl< * fe * 3 

-Al *W*<>1 M^. A 3 ^"Al *«* ^ 

<40> tf£ * ^71^/^^/^^^-S. <?>^°H, P^§ W 

< 41 > oi*v, t£«H * ■** -mw-- 

**|. * **4W *H*K*7> *Hr OT^M 



<42> 
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C45> 



«: tt^lr, £ M-^-^ P-Un. Al)GaN*(401) *W ^ 

pMln. Al)GaN^(402)ol Sft*. ^ P + ^ In ' Al)GaN^(402) 

fc A 1 ^-^(404)0] SEIth ^71 X) 1 ***(404) fl<*fe 4 3 $*-Al * 

W *(405)ol *8*M Sft^. ^ 3 ^-Al *1HMK405) £5=* W 

HM*(406)ol Sft^. **7l*4W 'open' ^^2^ tfl*3te P* « 

c 46 > £ 4^ **Si*M tf* <^m, £ 5°fl P-dn. Al)GaN#(401) 

^ ^^^oj p+ -(i„, Al)GaN#(402)ol fl^ . P + "< In > Al)GaN#(402) 

* 1 -^- G a *Wfr(403)ol WW 5*^. 1 ^-Ga *«#*(403) *Hfe * 

1 ^f*(404)ol 5ft^- a*. -»7l A 1 iMr*(404) *l 3 **-Al 

(405)ol ^o^, ^71 ^ 3 ^-Al JMNt*(405) 4Wfe ^ tf*l*(406) 

o] %^6\ ojrf. ^71^1^1 'closed' 4^** tfl-§-sjfe P^ Wt 1 ** 

<47> 5L 6* * 4^ n*§ « cfl# 

<48> ^ ^oj] rife. S tf* *fl*r, 51 6°ti tf©l, n -(In, ADGaN* 

(601) n + -(In, Al)GaN*(602)°l fl*. ^2, *7l nMln, Al)GaN*(602) 
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6^ * l^-Ga-N *HW*(e03)ol Sfto^. #7l *fl 1 ^-Ga-N 

i ^4f*(604)ol **sqo1 2£tt. #7l 1 ^#(604) * 3 W-Al 

^^(605)0] W*6\ sa^, # 7 ] *fl 3 *»*C«)5) fl*te tf* **l 

#(606) °1 Si 1 }. 

50 £ 4*fl 4^ tf* 'open' P« W*. H 6*fl ^ * 

5i> £ 7<*fl i+Ej-ifl tfol, P -(In, Al)GaN# ^ n-(In, Al)GaN#(701) *H * 1 **r* 
(702)^ ^^4. cl7H, #7l p-(In, Al)GaN#(701)£- p*§ d^l * 
71 n-(In, Al)GaN#(701)£- n*§ *d^<>l S3* 

c 52 > ZL^JL, #7l * 1 W*(702) ^ofl A1741 #^3- o^*^ *| 2 

Alfltf. a*. #71 4 2 W*(703> $H*r * 3 ^**(704)« #7l A 3 

^#(704) $Hfe ^1^(705)* 3 ^^l^- 

<53> «|7H, #71 ^1 1 W#(702)* °l^Rr Ga^ *L>-§-^*l ^ ^ 

***3. T**€^. ^31, #71 *1 3 ^♦(704)* ol*fe AlA ft* 

2£*r *«3. #71 -SW ^1^(705)* °l^Rr ajr-g-^ol 
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4 > 6\* t #7l tfltt <!*]^» ^I^IW ^ 

7>3 ^ ^ *§#H ^ 5*7fl €4. * 

>5> 1^5} *«H, #7l p-(In, Al)GaN^(£ 4^ 401 ^ n-(In, 

ADGaN^CH 6^ 601 #^ <8<*fr ^ P + -<In. Al)GaN^(402) « n+-(In, ADGaN* 

(602).° 3. *i#^K 

56> zl^sl, #7l p+-(In, Al)GaN^(402) * 1 ^*"<3a SH*#*(403)<>1 S^s^, 

#71 nMln, Al)GaN#(602) *Wfe * 1 ^Mr-Ga-N *W*<eOS)<>l 3£«. #7l 4 

1 -^-Ga ^Wfr(403) * * 1 ^"Ga-N *HH»<603) »1 1 ^<lr*<404)(604)*l 

#71 1 W*(404)<604) * 3 W-Al ****(405) (605)*1 ^#€^. 

^51, #71 *1 3 iMr-Al *rtHHK405) (605) *SL* #^ **l*(406) (606) *1 

c57> ^ £ 7-11 iWfl #71 *1 1 ?**<702)* t ^#^17171 fl*IH A^Hr «*| 

Bl *3 Alofl, p tg ^-o)l <&o]*\ A 1 ^#(702) #^- p -(In,Al)GaN^(701) 

^ Tfl^ia** ^^i7i7i ahm si^Kr ^ ^ 

51, #71 4 1 W*<702>* n*§ Ga^ *HMH ^ 

^ o]« *4H ^l^Aife (X| 1 #^)-(Ga)-N *W*(603)ol %**7] 4*1 

<58> o^* 71^ 4«3. o^o^fe p *§ ^ * H*^ **M tf* 
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T3 



9> 



<63> 



4 1 iMr*(702)-§- ol^fe p-(In,Al)GaN(401)*lH Ga^- «J:*^ *1 1 

^-Ga 1 ^MH404)3 M^. 2*** * 2 

p-(In,Al)GaN^(701)^ p-(In,Al)GaN^(401)/p+-(In,Al)GaN#(402)o^ 
. ^, ^ i -4-Ga *W*(403) «1*H iKIn,Al)GaN*(401)<M Ga **(Ga 

Vacancy)*! Wte4. «>1** Ga P^§ W 

^ H n -(ln,Al)GaN fefc Wl 4 1 ****** 
C*|4H ^6) ^£7> *7>*tf| sH n-(In,Al)GaN^(601)/n+-(In,AOGaN^(602) € 

SEfc, #71 afl 2 -^(703)* o]^ *4« Al^r 4 3 W*(704)* <>l*fe #4*1 
4 3 *H"*H 4 3 ^-Al *W»(405)(605)ol **4^. 3 " - 

-Al M#*(405)<606)* 4£* HM*<705>* #** ^ « - 

4*1 ^fe 344 4 2 SKt^^i WW ^^-^ 

5} 1*1 «3r3*# ^fc *M €4. 

#71 45* 4» *4*<705>* olJHS #«: * 7 ^ "^ 7l 

**1*(705)* 4*W7> 4* 4 ^>7l 4£**1 €■ 
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U*}: 2003/11/22 

^^)058210 

55> - all 1 : Cr, V, W 

56> - *{| 2 •• Al SE^r Ni-Al 

67> - ^ 3 : Ni, Pt, Pd 

- -M- : Au SL^r Au» iWfc 2* i» W 2£fc 

o*7W, all 1 **** *l*Hr Cr, V, W^r jrGaN*4Hte Ga^ ^> J1 - 

n-GaN^H- N*4 «*ol **** i«Y». *1* *«1 . »** ^ ^ 

iMH ^ tf^fc <>l*fc ****** **** *l 

6||U|^51 *>oH^ 71^1^^ ?M*. 

<70> Cr, V, W ^fb& W Ga * N*3 «JHMH ^ S«°l*- °H . *?!* 

^ojos gtfH #-§-3^ ««ol ^^iTfl p-GaN^ n-GaNf^l =L 

<7i> zj- #^sl ti>-§- ^j£t vj-EHfe 'Heat Formation Enthalpy Energy*^ 4** ^r*. 

<72> - p ^ ^q- 

<73> Cr-Ga : -20 - -30 KJ/mole of atoms 

<74> V-Ga : -67 KJ/mole of atoms 

<V5> W-Ga : -1 IU/mole of atoms 

<76> - 
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7> Cr-(Ga)-N : -35 KJ/mole of atoms 

'8> V-(Ga)-N : -40 KJ/mole of atoms 

'9> W-(Ga)-N : -24 KJ/mole of atoms 

*> ai* aWfe «Ki W ^° H[o1 

*fc NiAK-38 KJ/mole of atoms at 298K), PtAl(-100 KJ/mole of atoms at 298K), PdAl(-84 

KJ/mole of atoms at 373K)L « ^" A1 **» o1 

tfl, « **M(E-beam evaporator)* *1**H ***** *H 

Cr, Al, Ni, Au» ^« Cr/Al/Ni-Al/Ni/Au^ ¥^7> s!M . *3^# 5L 

**, 5L 5«^ *W *± 'dose' *d^M ^ 6ofl »W * 

n , tg^*fe ^7HAi -fi-A}*^ W 

^ 7lS t». 'close" P^§ fl^t p-(In,Al)GaNfK70D* 

^ ! -^(702) A>oH P^ 5^ 501 *3t)ol 3 ^sSjH* 

p-(In,Al)GaN^(701) ^ M«*0»1)* . W * 1 ***<702>. * 2 

-^(703), 41 3 ^*<704) £ 4» **l*(705)» *1* H**\1L * ^ 

st V, £ «<*4H ^ #tt (In.Al)GaN *S.** 

ol-g-tt t»* Wi*. **# ^ ^33*1 7 >^^' Unipolar 



c81> 
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n-channel ^>(HEMT, MISFET, MESFET * WW **** 

i3> SLtb, Bipolar 3*4|51 NPN, PNP ***H — • 

S. 33 3^1 3-8-°] ^ c > 7 >. (Photo detector)^ ^ S=fe ^£ 

84> * l»db^HI ^ * 

*«*(403)/* 1 W*(4Q4V ^ '* 1 ^"Ga-N JMNt*<603) 1 2*> 

^01 3 ^-Al *«*(405)(e05)'. W ^1^(406) (606)'^ <L>^ 

s oi^ H 13/^-2:3 oj-^^o] 7 m 3X1 ^ 

<8 6 > ^o> 7 >, -f^V ^H/M/^**! *H3* ^ -M** 

44 f7M?l^ M-7> 5^71 ^fl^l ^^(turn-on) S^iL 



<87> 
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11 

(In, ADGaN^; 

. #7] p% (In, ADGaN^ *§^€ (In, ADGaN*^; 

#71 p^ (In, ADGaNf- *H * 1 ?*-Ga 

#7l af| 1 ^r-Ga ^1 *A 1 

#7l 4 i **H* *M * 3 ^-ai JMHHfr; ^ 

#71 4 3 #^-ai. -M- * *W=- 

2] 

p*§ (In, ADGaN^; 

#7l p^ (In, AOGaN* *H ^ A <^ p^ (In, ADGaNM; 

#71 JL^S. p*§ (In, Al)GaN# M^M"! 

j£ 7 ] p ^ ^g^^ *fi i ^-Ga SJ-WM-; 

#71 4 1 ^-Ga SMfr** *M ^ 1 

#7l jfl| 1 $H ^€ 3 ^-Al - 

#7i 4| 3 #^-ai sHh#* <8-«3 ^ * iWt a* 

3] 

n^ (In, ADGaNf^; 
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3»»)058210 W ^ 

#71 (In, Al)GaN# $H n ^ < In « ADGaH**; 

#7l 5L*5L (In, ADGaN* * 1 

#71 4 1 ^-Ga-N ^ i W**; 

#71 *il i $H *>1 3 ^-ai sfW; ^ 

#71 4 3 iHf-Al *H ^ 

#71 4 1 **** °l«r M * Cr, V, W iMH **** ** 

ISt^ 5] 

*11 1*8" *fl*l ^ 3* ^ 

#71 ^11 1 **** *l^Mr **& Ga^ «>-§-# ol ^ Sfc *WS tM§ 

6] 

#71 211 3 #*Hfc °l^Rr §^ Ni, Pt, Pd ^ 
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I^T 7 "* '71 

#7l 3 "<W=- *«■ A14 ^ SEfe- *W*3. 

4^ ^ ^^>. 
[^* 81 

*i 3 asi* <w 

[St 1 * 91 

*7l -M- Au Hit Au» itf*Re 2^ HLte n^S. 

3^ ^8-2.5- ^4i7}. 
1^?* 101 

(In, ADGaN* « (In, ADGaN* $H * 1 ^*>^ #31^; 

^ x ^ofl A13 Q Sfe (Ni-AD* ol^<H*l*r *1 2 **** 

*7l 2 $H * 3 ^r** *8^*Hr 
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*7l (In, ADGd^ « (In. AlXWM ^¥ A* pH (In, 

Al)GaN# * n*§ (In, Al)GaM*is. ^3^, 

^ 7l ^ £ p ^ ( i n> ADGaN* * 1 ^ 

(In, AOGaN* * 1 ^^a-N JWfr*«l 

^71 4 1 ^-Ga 3*W* ^ * 1 ^^"Ga-N «t flit *« 1 

^.g. ^ *}*r aflS^. 
111 

#7l 4 1 Cr, V, W j^sl *HJ3*r 3* ^8-2-3. ^ 

12] 

^71 4) 1 <W Gasq- °1 ^ H-fe STO*3. t 1 * 
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13] 

xi io^-<^i sa°i^. 

^71 Xl 3 ^4f*£ Ni, Pt, Pd **S. *8<S3fe ^ 

14] 

Xl HflH ^t°1 A i , 

%7\ Xl 3 o]^ Al^ *bM°l fc* 3£fe *»S * 

# ^ Xl^H. 
I^t 1 * 15] 

xi io-m 5a°H. 

#7l XI 3 W** #71 #51^ ^ ^l^T 

at w at **#s. ^sj^ 3* ^ xis^ . 

16] 

x] io^*n 5&°h. 

#71 W Au 2£fe Au» iWfe 2^ °1#S} 4* HLfe 

171 

xi io*j-°fl 5a°i^. 
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*7l p*§ (In, AOGaN* * 1 ^ • p ^ (In ' )GaN#-°fl 
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{S. 1] 



Pi £92^ 



•103 



pi ¥§a^s 



Pi GaN§ 



•102 
-101 



[51 2] 



202- 



PS £§2 


=l ^ -203 


Pi ^SSR§ 




Pi ?SK§ 


P 


S GaN§ 



-202 
.201 



[51 3] 



ni S3§ 



-302 



ni GaNt 



-301 
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HI 3 -Al 



HI 1 



HI 1 ^ -Ga sUH 



P + -(ln,AI)GaNS 



P-(ln,AI)GaN§ 



IS. 5] 



HI 3 ^ -Al sf&M 



HI 1 



HI 1 2^? -Ga 



P+-(ln,AI)GaNg 



P-(ln,AI)GaN! 
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•406 
-405 
-404 
-403 
-402 
-401 



•406 
•405 
-404 
-403 
-501 
-402 
-401 
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[S. 6] 



m mm 



n 3 ^ -ai m 



1 1 ^\ 



M 1 -Ga-N sUH 



n + -(ln,AI )GaNi 



n-(ln,AI)GaNi 



7] 



Xil 3 a" — i o 



1 2 



□ —i o 



M 1 ^* 



a —i o 



p-(ln,AI)GaNS,n-(ln,AI)GaNS 
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•606 
-605 
-604 
-603 
-602 
-601 



705 
704 
703 
-702 
-701 
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